Patients with symptomatic heart failure (HF) frequently have preserved left ventricular (LV) ejection fractions (LVEFs). Although anemia is a common finding in this patient population, its prognostic role has not been well studied. This study's aim was to assess if the LVEF interferes in the association between anemia and in-hospital mortality in patients with severe HF. Consecutive patients admitted to an intensive care unit with decompensated chronic HF were prospectively enrolled. The diagnosis of HF was based on clinical criteria. Patients with LVEFs >45% (on echocardiography) were diagnosed as having preserved LVEFs. Multivariate analysis was performed to test the independent association between anemia and in-hospital mortality and to evaluate an interaction between anemia and systolic function. In all, 303 patients were recruited (mean age 69 ؎ 13 years; 45.5% women). Preserved LVEFs were present in 34% of the population. The prevalence of anemia in this group was 58%, compared with 43% in the group with systolic dysfunction (p ‫؍‬ 0.01). Dilated left ventricles, left bundle branch blocks, and valvular dysfunction were significantly more frequent in patients with systolic heart failure. In-hospital mortality was similar in the groups with preserved LVEFs and systolic dysfunction (p ‫؍‬ 0.71). On multivariate analysis, anemia was independently associated with in-hospital mortality (odds ratio 2.7, 95% confidence interval 1.43 to 5.04, p ‫؍‬ 0.002). There was no interaction between anemia and systolic function (p ‫؍‬ 0.08 for interaction). In conclusion, anemia was an independent predictor of in-hospital mortality in symptomatic patients with severe HF, regardless of whether the patients had preserved or impaired LV systolic function. The prognostic role of anemia in patients with heart failure (HF) and preserved left ventricular (LV) ejection fractions (LVEFs) was the subject of 3 recent studies. Brucks et al 1 demonstrated a high prevalence of anemia (42%) in patients with HF and preserved LVEFs. In that study, anemia was associated with a nonsignificant trend toward worse survival. More recently, in 2 large cohorts of ambulatory patients with HF, anemia was an independent risk factor for long-term mortality, regardless of whether patients had preserved or impaired LV systolic function. 2,3 The aim of this study was to evaluate if the LVEF altered the prognostic value of anemia in patients admitted to an intensive care unit with decompensated chronic HF.
The prognostic role of anemia in patients with heart failure (HF) and preserved left ventricular (LV) ejection fractions (LVEFs) was the subject of 3 recent studies. Brucks et al 1 demonstrated a high prevalence of anemia (42%) in patients with HF and preserved LVEFs. In that study, anemia was associated with a nonsignificant trend toward worse survival. More recently, in 2 large cohorts of ambulatory patients with HF, anemia was an independent risk factor for long-term mortality, regardless of whether patients had preserved or impaired LV systolic function. 2, 3 The aim of this study was to evaluate if the LVEF altered the prognostic value of anemia in patients admitted to an intensive care unit with decompensated chronic HF.
Methods
We consecutively selected patients admitted to the intensive care unit of a tertiary care hospital with decompensated HF from June 1, 2001 , to December 1, 2003 . Patients had to have Ն1 hospitalization for symptomatic HF during the previous year. Patients were excluded if they had acute coronary syndromes as their main diagnoses. This study complied with the Declaration of Helsinki, 4 and its protocol was approved by the ethics committee of our institution. All patients provided informed consent before inclusion.
Clinical and laboratory data were obtained directly from patients and their medical charts. The 12-lead electrocardiograms and laboratory results used for the analysis were obtained on admission. LVEFs were obtained from 2-dimensional echocardiograms and were available for 300 patients (99%).
HF was defined on the basis of a history of worsening dyspnea or dyspnea at rest and signs of fluid retention or low cardiac output. 5 After the evaluation of the on-call physician, 2 investigators reviewed the patients' clinical data to ascertain the diagnoses of HF before entering the study. If necessary, echocardiographic results were used to help the diagnosis of HF. Anemia was defined using the World Health Organization's 6 criteria (hemoglobin Ͻ12 g/dl in women and Ͻ13 g/dl in men). Renal dysfunction was defined as a creatinine level Ͼ1.5 mg/dl. Hyponatremia was considered present at a sodium level Ͻ136 mEq/L and severe at a sodium level Ͻ130 mEq/L. LVEF was measured by echocardiography using Teicholz's or the modified Simpson's formula. HF with preserved LVEF was defined by a LVEF Ն45%. Patients with LVEFs Ͻ45% formed the group with systolic HF. Quantitative variables were compared using the unpaired Student's t test and are described as mean Ϯ SD. Categorical variables were compared using the chi-square test or Fisher's exact test and are described as proportions. Bivariate analysis was performed between anemic and nonanemic groups and between the groups with reduced and preserved LVEFs. Bivariate associations were described as relative risks (RRs) and their respective 95% confidence intervals (CIs). Stratified analysis and the Breslow-Day homogeneity test (significance level 20%) were used for the initial evaluation of interaction and confounding. Multivariate analysis with nonconditional logistic regression was used for the final evaluation of the interaction between anemia and LVEF on the mortality outcome. Logistic regression models (using a backward strategy) were also used in multivariate analysis for confounding of the association between anemia (the main independent variable) and inhospital mortality (the dependent variable). Variables were selected for confounding analysis if the p values of their associations with anemia were Յ10% or by their clinical importance. The significance level for all other associations was 5% (2 sided). SPSS version 10 for Windows (SPSS, Inc., Chicago, Illinois) was used for analysis.
Results
Three hundred three patients were evaluated. Their mean age was 69 Ϯ 13 years, and 45.5% were women. The main cause of HF was coronary artery disease in half of the patients, followed by hypertension (25.4%) and primary valvular heart disease (11.6%). In the overall population, there were high prevalences of hypertension (78%), diabetes mellitus (37.5%), atrial fibrillation (21.5%), and renal dysfunction on admission (32%). HF with preserved LVEFs was present in 103 patients (34.3%). Among patients with LV systolic dysfunction, the LVEF was Ͻ30% in 132 patients (67%). Anemia on admission was also very common (47.5%). In-hospital mortality (52 patients) was 17.3%. Table 1 lists the distribution of characteristics between the groups with preserved and reduced LVEFs. Anemia was significantly more frequent in patients with HF with preserved LVEFs than in patients with systolic dysfunction (58.3% vs 42.6%, p ϭ 0.01). There was no difference in in-hospital mortality between the groups with preserved and reduced LVEFs (18.4% vs 16.8%, p ϭ 0.71).
Sample characteristics in the groups with and without anemia are listed in Table 2 . Patients with anemia (n ϭ 144) were older, had lower sodium levels, and had greater frequencies of renal dysfunction, ischemic causes of HF, and preserved LVEFs than patients without anemia.
Anemia on admission was significantly associated with a higher risk for death during hospitalization (24.3% vs 10.7% in patients with and without anemia, respectively; RR 2.27, 95% CI 1.33 to 3.88). After stratified analysis, a positive association between anemia and mortality occurred in the group with systolic dysfunction (RR 2.7) and the group with preserved LVEFs (RR 1.6) ( Table 3 ). The results of the Breslow-Day homogeneity test were not significant (p ϭ 0.33).
Clinical variables included in the multivariate models for confounding analysis were gender, age, atrial fibrillation, ischemic cause of HF, diabetes mellitus, renal dysfunction, hyponatremia, and LV systolic function. After adjustment, anemia remained independently associated with in-hospital mortality (odds ratio 2.7, 95% CI 1.43 to 5.04, p ϭ 0.002; Table 3 ). An interaction term was included in the multivariate model, and no significant interaction was verified between anemia and LV systolic function relative to the mortality outcome (p ϭ 0.08 for interaction). We performed additional analysis (bivariate and multivariate) excluding patients with HF due to valvular disease (11.6%), and the results were similar (odds ratio 2.4, 95% CI 1.1 to 5.0, p ϭ 0.14 for interaction between anemia and LVEF).
Discussion
The present study demonstrated that anemia was a frequent finding in patients hospitalized for severe decompensated HF (47.5%) and even more prevalent in those with preserved LVEFs (58.3%). Additionally, it was shown, for the first time in this specific population, that anemia was an independent predictor of in-hospital mortality, regardless of whether patients had preserved or impaired LV systolic function. Previous studies have already demonstrated a high prevalence of anemia in patients with chronic HF, as well as its independent association with worse long-term survival. [7] [8] [9] [10] [11] [12] However, the population used in these studies was composed of ambulatory patients with HF and systolic LV dysfunction (LVEF Ͻ40%), systematically excluding patients with preserved LVEFs, a group that represents up to 50% of the overall HF population. 13 In our study, patients with preserved LVEFs constituted 34% of the overall population. Therefore, it is necessary to investigate if predictors of outcomes in systolic HF also have a prognostic impact on HF with a preserved LVEF.
Few studies have examined the association between anemia and adverse outcomes in patients with HF and preserved LVEFs. Brucks et al 1 demonstrated a higher readmission rate in patients with anemia but did not find a significant difference in late survival of this group in comparison with patients without anemia. That study was composed of outpatients with HF and LVEFs Ͼ50% but also had several exclusion criteria, such as active myocardial ischemia, myocardial infarction, dialysis-dependent renal failure, malignancy, hemodynamically significant valve disease, and prosthetic valve replacement.
More recently, 2 other studies have evaluated the prognostic role of anemia in large cohorts of patients with HF, including a significant proportion of patients with preserved LVEFs. 2, 3 Felker et al 2 evaluated a large sample of patients with symptomatic HF who were referred to diagnostic cardiac catheterization. Of 4,951 patients, 3,093 had preserved LVEFs (Ͼ40%). Their results showed that anemia was an independent risk factor for mortality in groups with preserved and impaired systolic function, and there was no interaction between anemia and the LVEF. O'Meara et al 3 published a substudy of the Candesartan in Heart Failure: Assessment of Reduction in Mortality and Morbidity (CHARM) trial with 2,653 patients with HF, of whom 1,069 had preserved EF. Once again, anemia was shown to be an independent risk factor for mortality, irrespective of LVEF. The investigators also showed an interesting inverse correlation between hemoglobin and LVEF, a finding that is consistent with our observation of a higher prevalence of anemia in the group with preserved LVEFs.
The currently available data on the prognostic role of anemia in HF with a preserved LVEF are not conclusive. All described studies had methodologic issues that may in part limit the generalization of their results to a larger and less selected HF population. In the smallest study, 1 patients were young and ambulatory and were excluded if they had important co-morbidities associated with HF. Although Felker et al 2 evaluated the largest cohort of patients with HF and preserved LVEFs, their study was a retrospective analysis of a clinical database comprising patients who underwent cardiac catheterization and was therefore subject to the limitations of such studies. In the CHARM substudy, 3 the greatest limitation was related to the population, which was derived from a clinical trial, with its typically restrictive inclusion and exclusion criteria.
Unlike the previously mentioned studies, the current study prospectively enrolled consecutive patients with severe decompensated HF, excluding only those with concomitant diagnoses of acute coronary syndromes. Thus, our sample was representative of a large HF population hospitalized for worsening symptoms, which in the United States constitutes 1,000,000 patients every year. 14 Additionally, in contrast to other reports, our study evaluated in-hospital mortality, a short-term outcome.
The present study had some limitations. Our sample was relatively small, which could have interfered with the results of more complex statistical analysis. Our results should not be generalized to the overall HF population. We enrolled patients with severe decompensated HF, so the results of this study should be applied only to this specific population. Our patients had a high frequency of moderate to severe valvular dysfunction, independent of LVEF. Most of them had mitral regurgitation, probably because of LV dilation, because primary valvular heart disease was the main cause of HF in only 11.6%. However, because the diagnosis of HF with a preserved LVEF did not rely on the documentation of severe diastolic abnormalities, it is possible that the valvular dysfunction could have been responsible for the HF syndrome in some patients with preserved LVEFs. In contrast, our risk estimates did not change after the exclusion of patients with HF and chronic valvular cardiomyopathy. We did not have detailed information on medical treatments or levels of recent biomarkers, which could have prognostic importance.
